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METHOD AND APPARATUS FOR GENERATING A CHANNEL STATE
INFORMATION REPORT USING AN OVERSAMPLING FACTOR FOR A
SUBSET OF THE SET OF BEAMS

FIELD OF THE INVENTION
The present disclosure is directed to a method and apparatus for generating a
channel state information report using an oversampling factor for a subset of the set of
beams. In some instances, such a report can involve a type-2 codebook compression

using an oversampling factor.

BACKGROUND OF THE INVENTION

Presently, user equipment, such as wireless communication devices,
communicate with other communication devices using wireless signals, such as
within a network environment that can include one or more cells within which various
communication connections with the network and other devices operating within the
network can be supported. Network environments often involve one or more sets of
standards, which each define various aspects of any communication connection being
made when using the corresponding standard within the network environment.
Examples of developing and/or existing standards include new radio access
technology (NR), Long Term Evolution (LTE), Universal Mobile
Telecommunications Service (UMTS), Global System for Mobile Communication
(GSM), and/or Enhanced Data GSM Environment (EDGE).

In an effort to enhance system performance, more recent standards have
looked at different forms of spatial diversity including different forms of multiple
input multiple output (MIMO) systems, which involve the use of multiple antennas at
each of the source and the destination of the wireless communication for multiplying
the capacity of the radio link through the use of multipath propagation. Such a system
makes increasingly possible the simultaneous transmission and reception of more than
one data signal using the same radio channel.

As part of supporting MIMO communications, user equipment can make use

of channel state information codebooks, which help to define the nature of the
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adopted beams, which are used to support a particular data connection. Higher rank
codebooks can sometimes be used to enhance system performance, but often at the
price of an increase in the amount of feedback overhead.

In at least some wireless communication systems, channel state information
(CSI) feedback is used to report on current channel conditions. This can be
increasingly useful in frequency division duplexing (FDD) and frequency division
multiple access (FDMA) systems where the downlink (DL) and uplink (UL) channels
are not reciprocal. With multi-user (MU)-MIMO and spatial multiplexing, a
receiving device, such as a user equipment (UE), may need to report channel
conditions for multiple channels or beams. Accordingly, a meaningful amount of
overhead may be dedicated to CSI reporting in MU-MIMO and spatial multiplexing
systems.

The present inventors have recognized that improved methods for efficiently
coding a channel state information report may be beneficial, as well as apparatuses
and systems that perform the functions of the methods. The present inventors have
further recognized that one such method can include communicating with a network
using spatial multiplexing, which includes one or more base stations. Here,
associating a potentially different oversampling factor value for each of the multiple
subsets of a set of beams, may be beneficial. An indication of the various
oversampling values for at least some of the subsets may then be communicated as

part of a channel state information report.

SUMMARY

The present application provides a method in a user equipment for generating
a channel state information report. The method includes receiving a set of reference
signals transmitted from a base station, and identifying a set of beams based on the set
of reference signals. The set of reference signals is transformed to obtain a set of
vectors of amplitude and phase coefficients of a compressed codebook, each
amplitude coefficient vector and phase coefficient vector corresponding to an
identified beam in the set of beams. The amplitude coefficient vector for each

identified beam in the set of beams is adjusted by a selected value, wherein the
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selected value is determined such that the amplitude coefficient vector corresponding
to a particular beam is normalized to a known predetermined value. A predefined
oversampling factor is set to a subset of the set of beams to a value greater than one,
wherein the particular beam is excluded from the subset of beams. A fractional part
of the predefined oversampling factor of the subset of beams is generated, wherein the
fractional part is based on the value of the predefined oversampling factor of the
subset of beams. An indication of the fractional part of the predefined oversampling
factor is reported as a part of the channel state information report.

According to another possible embodiment, a user equipment for generating a
channel state information report is provided. The user equipment includes a
transceiver that receives a set of reference signals transmitted from a base station.
The user equipment further includes a controller that identifies a set of beams based
on the set of reference signals. The controller transforms the set of reference signals
to obtain a set of vectors of amplitude and phase coefficients of a compressed
codebook, each amplitude coefficient vector and phase coefficient vector
corresponding to an identified beam in the set of beams. The amplitude coefficient
vector for each identified beam in the set of beams is adjusted by the controller by a
selected value, wherein the selected value is determined such that the amplitude
coefficient vector corresponding to a particular beam is normalized to a known
predetermined value. The controller sets a predefined oversampling factor to a subset
of the set of beams to a value greater than one, wherein the particular beam is
excluded from the subset of beams. The controller generates a fractional part of the
predefined oversampling factor of the subset of beams wherein the fractional part is
based on the value of the predefined oversampling factor of the subset of beams. The
transceiver reports an indication of the fractional part of the predefined oversampling
factor as a part of the channel state information report.

According to a further possible embodiment, a method in a network including
at least one base station for generating a channel state information report
corresponding to a particular user equipment is provided. The method includes
transmitting a set of reference signals transmitted from a base station, and receiving

an indication of a fractional part of a predefined oversampling factor as a part of the
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channel state information report. A set of beams are identified based on the set of
reference signals. The set of reference signals are transformed to obtain a set of
vectors of amplitude and phase coefficients of a compressed codebook, each
amplitude coefficient vector and phase coefficient vector corresponding to an
identified beam in the set of beams. The amplitude coefficient vector for each
identified beam in the set of beams are adjusted by a selected value, where the
selected value is determined such that the amplitude coefficient vector corresponding
to a particular beam is normalized to a known predetermined value. The predefined
oversampling factor are set to a subset of the set of beams to a value greater than one,
where the particular beam was excluded from the subset of beams. The fractional part
of the predefined oversampling factor of the subset of beams are generated, the
fractional part being based on the value of the predefined oversampling factor of the
subset of beams.

According to a still further possible embodiment, a network including at least
one base station for generating a channel state information report corresponding to a
particular user equipment is provided. The network includes a controller, and a
transceiver that transmitting a set of reference signals transmitted from a base station,
and receives an indication of a fractional part of a predefined oversampling factor as a
part of the channel state information report. A set of beams are identified based on
the set of reference signals. The set of reference signals are transformed to obtain a
set of vectors of amplitude and phase coefficients of a compressed codebook, each
amplitude coefficient vector and phase coefficient vector corresponding to an
identified beam in the set of beams. The amplitude coefficient vector for each
identified beam in the set of beams are adjusted by a selected value, where the
selected value is determined such that the amplitude coefficient vector corresponding
to a particular beam is normalized to a known predetermined value. The predefined
oversampling factor are set to a subset of the set of beams to a value greater than one,
where the particular beam was excluded from the subset of beams. The fractional part
of the predefined oversampling factor of the subset of beams are generated, the
fractional part being based on the value of the predefined oversampling factor of the

subset of beams.
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These and other features, and advantages of the present application are evident
from the following description of one or more preferred embodiments, with reference

to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an exemplary network environment in which the
present invention is adapted to operate;

FIG. 2 is a table showing an exemplary gain from using an oversampling value
equal to four over at least one polarization corresponding to one of a subset of beams;

FIG. 3 is a flow diagram in a user equipment for generating a channel state
information report having a predefined oversampling factor associated with a subset
of the set of beams;

FIG. 4 is a flow diagram in a network for generating a channel state
information report having a predefined oversampling factor associated with a subset
of the set of beams; and

FIG. 5 is an example block diagram of an apparatus according to a possible

embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

While the present disclosure is susceptible of embodiment in various forms,
there is shown in the drawings and will hereinafter be described presently preferred
embodiments with the understanding that the present disclosure is to be considered an
exemplification of the invention and is not intended to limit the invention to the
specific embodiments illustrated.

Embodiments provide a method and apparatus for generating a channel state
information report. In some instances, such a report can involve a type-2 codebook
compression using an oversampling factor.

FIG. 1 is an example block diagram of a system 100 according to a possible
embodiment. The system 100 can include a wireless communication device 110, such
as User Equipment (UE), a base station 120, such as an enhanced NodeB (eNB) or

next generation NodeB (gNB), and a network 130. The wireless communication
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device 110 can be a wireless terminal, a portable wireless communication device, a
smartphone, a cellular telephone, a flip phone, a personal digital assistant, a personal
computer, a selective call receiver, a tablet computer, a laptop computer, or any other
device that is capable of sending and receiving communication signals on a wireless
network.

The network 130 can include any type of network that is capable of sending
and receiving wireless communication signals. For example, the network 130 can
include a wireless communication network, a cellular telephone network, a Time
Division Multiple Access (TDMA)-based network, a Code Division Multiple Access
(CDMA)-based network, an Orthogonal Frequency Division Multiple Access
(OFDMA)-based network, a Long Term Evolution (LTE) network, a 5th generation
(5G) network, a 3rd Generation Partnership Project (3GPP)-based network, a satellite
communications network, a high altitude platform network, the Internet, and/or other
communications networks.

The oversampling of a time domain signal may help in localization of the
energy in small number of taps and thereby help in quantization. However, with
precoding vectors, where precoding vector(s) are generated as a summation of spatial
basis vectors (beams), having a common oversampling over all the beams may not
provide any performance gain. However, oversampling is possible in other vectors.
Independently oversampling all the other vectors may results in using too many bits
which may not be justifiable.

The singular vectors of a matrix are typically not unique in the sense that they
are insensitive to scaling by a unit magnitude complex number. Thus, the phase of a
singular vector is implementation dependent, which in some instances can be said to
be random.

In Type-2 channel state information (CSI) compression, many of these
singular vectors are stacked together before a transformation is applied to it. Having a
random phase results in failure of the transformation based compression methods. In
addition the phase ambiguity of the singular vectors can cause wasted overhead when
coefficients of the singular vectors are reported randomly such as with Type-2

codebook compression.
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The Discrete Fourier Transform (DFT) transformation applied on generating
the precoding vectors is said to transform the precoding vectors from the frequency
domain to time domain or tap domain. Oversampling of a time domain signal can
help in localization of the energy in small number of taps and thereby helps in
quantization. However, in Type-2 precoding vectors, where the precoding vectors are
generated as a summation of spatial basis vectors (beams), having a common
oversampling over all the beams does not typically provide any performance gain.
Independent oversampling of different beams may provide some performance gain.
Nevertheless, independently oversampling each of the beams may result in using too
many overhead bits to economically report the oversampling factor for each beam,
which may not be justifiable. In some embodiments, beams may be just a reference
signal or one-to-one mapping with a reference signal instead of being DFT beams.

At least some aspects of the present application attempt to provide a suitable
oversampling approach to a subset of the remaining beams to improve transform
based Type-2 codebook compression.

In at least some discussions, a Type-2 precoding compression scheme has
been described based on transforming each beams frequency-domain precoding
vectors to the time domain and selecting a subset of the time-domain components
which would then be fed back to the gNB. The gNB would then perform the inverse
transformation to the frequency domain to determine the set of 2/ precoding vectors
or beams. If, as in at least some conventional Type II feedback, the beam selection

matrix is denoted

B O

Wi=lo B

then the resulting 2NN, x N, precoding matrix for a layer can be expressed

W=w,Ww,V, 1)

where V is a square matrix of size O3- N, x O3- N, representing oversampled DFT

matrix, where O3 is an oversampling factor, and sz[WZI Wy, oo \?VMJ is

comprised of 2L time-domain coefficient vectors of length O3- N, and W', =
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W’ZV. W is a set of 2N;N; x 1 dimensional precoding vectors (each row is a

precoding vector), one each for each of the Ny sub-bands. Operation in (1) will

generate O3 N, vectors. However, many of them will be discarded depending on the

value of the oversampling factor. O3 is typically chosen as having a value of four.
The following steps are typically performed for generation of W:

1. Using the estimate of the channel matrix (Hgp) for each of the Ny sub-bands,
and the already computed Wy, compute W,. This step can involve finding the
singular vector corresponding to the highest singular value of the modified
channel matrices Hg,W4 for each subband. Each row of W, is the
corresponding sub-band singular vector.

2. Taking the inverse Fourier transform of the columns of W, results in W, i.e.,
W, = VW,. If a value of oversampling O3 > 1 is adopted then W, is first
properly zero padded. By proper we mean that the zero padding can be either
in the end of W, which will results in W, a collection of upsampled analytical
beam signals, or the zero padding is done in the high frequency or the central
region which will make W, a collection of upsampled band limited beam
signals. Both of these are referred to as upsampled beam signals in the
subsequent discussions.

Feedback overhead reduction occurs when the UE feeds backs an indication of
non-zero subset of the coefficients in V~V2, e.g. those coefficients with the largest

magnitudes and are separated by a multiple of O3, the oversampling factor between
them. The feedback overhead also depends on how much quantization is used to
represent these coefficients. If O3 > 1, then the value of rotation or fractional part (fp)
is reported as an integer value between 0 < fp < O3. Note that the structure defined in
(1) may be allowed to have a different fractional part (fp) for each column (beam) in
W,.

Scaling each of the singular vectors in step-1 above with a unit magnitude
complex scalar coefficient will neither change the singular values nor change the

subspace of the singular vectors. Looking at it differently, the phase of the singular

vector is generally implementation dependent and since singular vectors may be
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determined independently for all the sub-bands, depending upon the implementation,
this phase can be random from sub-band to sub-band. It has been observed that the
Fourier transform based quantization approach does not perform well when this phase
is random. Thus, the phase of each column of W, can be changed as needed to
provide certain structure, which helps in quantization later. Since W, is obtained
from singular vectors, we refer to the elements of W, as singular vector coefficients
of the modified channel.

In an approach wherein zero phase is assigned to the column of W,
corresponding to the main beam, in which the main beam is identified in such a way
that it results in the first tap of that beam to be the strongest tap. This enables
normalization of all the taps with respect to the first tap of the main beam before
quantization.

Let m be the index of the main beam. The phase of all the Ny terms of the m-
th column of W, is now set to zero. Let a; be the amplitude, and ¢, be the phase of
ijth element of W5, i.e, the ijth element of W, is given by:

Wai = agjexp (V=1d;)

To zero out the phase of the main beam, we obtain the phase of all the beams
by subtracting the phase of the main beam from the phase of that beam. This
subtraction is performed over all sub-bands. The new phase values of W, are now
given as

¢ ;= by — Pim
Now the ij-th element becomes
waij = agjexp (V=1(dij — dim))= ayjexp (V=1(¢’ )
and for the main beam these elements are positive (non-negative) real numbers given
by

Woim = Qim

Since all the Ng, elements corresponding to the main beam of W, have zero

phase and W, = VW, i.e., the jj-th taps are computed as:

Waij = TS awjexp (V=197 +2m70)), (1b)

-9.
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and for the main beam the tap becomes

Waim = Tie2h Akmexp (V= 2”_)) (1a)
The zero-th tap of the main beam now becomes
Waom = TR Cm

Now if we selected the main beam index m such that
arg max

m= (ZNSb l])’ (2)

then it can be shown that the first-tap which is equal to Y ¥P a;,, is the largest over all
possible taps over all the beams. Note that even for the main beam all other taps of
the main beam are also smaller than the first tap.

Often the taps may be computed using an oversampling. Taps at an

oversampling location 7’ (i’ not an integer) are obtained using an equation similar to

1b,i.e.,

~ ik
Wair j = TR awjexp (V=1(¢" |+ 2m ).

N . ik .
Dividing numerator and denominator of the factor lN by the oversampling factor O3

sb

in the above equation results in:

Wy ;= X2k agjexp (V—1(¢’

i'osk

N

Let p be the integer part and fbe the fractional part of i, respectively. Limiting f such

that ¢ = £ O3 is an integer results in the above equation becoming:

~ 04
Wai ;= TR aggexp (V=1 +2m 5220y,

03Ngp
where 0 <p <Ny and 0 <q<03.

It can also be shown that choosing the main beam using (2) also ensures that
the oversampling of the taps (over all the beams) will also not result in any tap larger
than the first tap of the main beam.

After performing the inverse transformation to get W, = VW,, it may be
better to normalize all taps with respect to a largest possible value. This can help in
enabling the range of the quantizer used for quantizing the taps.

Since we know that zeroing out the phase of the main beam and selecting main

beam using equation (2) helps to ensure that first-tap of the main beam is the strongest
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tap, and if we now perform this normalization using the first-tap of the main beam,

Waij

ie., Wy;; = . then the first tap of the main beam would be 1 (‘zvzﬂ =1). Thus,
] Wz

Wa2om om
there may now be no need to explicitly quantize the first tap of the main beam. The
value of this tap can be directly inferred to be 1. The strongest (in some sense) taps of
each beam are reported in Release 16 Type II CSI and generally consist of an
amplitude and a phase. Because the first tap, which will typically always be included
due to its maximum amplitude condition, can be inferred to be 1, it may need not be
reported, thereby saving uplink control signaling overhead.

Furthermore, going back to equation (1a), it can be seen that the i-th tap of the
main beam is a complex conjugate of the Ng, — 7 tap, i.e., Wy, = W;(Nsb—i)m , Where
*1s a complex conjugate operation. This enables us to quantize and transmit only one
half of the main beam taps, the second half of the taps can be obtained at the receiver
(gNB) using this symmetric property. Similarly, if only a subset of taps are reported
on either a common or independent basis (same or different set of taps across beams
respectively), the number of possibilities for the combinations of taps can be reduced
because then approximately half of the taps are pairs which means the number of
possibilities is approximately cut in half. This can also reduce the uplink signaling
overhead.

If an upsampling factor is to be reported for all the beams by choosing a
fractional part which results in maximum tap value for that beam, then for the main
beam the fractional component will generally always be zero so again there may be no
need to report the fractional part for the main beam.

To summarize, normalization with the first tap of the main beam besides
generating good range for quantization of other taps, gives us the following potential
features:

a. Do not need to spend any bits to code the first tap of the main beam. It will be
one.

b. Do not need to specify one of the strongest tap, it will be the first tap of the
main beam.

c. Also the oversampling factor for the main beam will be 0.

-11 -
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d. Since we are using zero phase for the main beam, so the coefficients before
inverse Fourier transform are real and hence the column of W, corresponding
to the main beam will be symmetric and the quantization method can
advantageously use this property.

In accordance with at least some embodiments, the oversampling of a time
domain signal (transformed from frequency domain) may help in localization of the
energy to a small number of taps and thereby may help in reducing the number of bits
needed to quantize a signal. The oversampling factor for the upsampled main beam
signal is O, i.e., the peak of the oversampled main beam signal is at a location 0 and/or
a multiple of O3, so there may be no need to send any extra bits to convey that
information.

However, the other beams may not conform to this, i.e., the peak of the other
beams may not be at the multiple of O3 (a beam whose peak is not at a multiple of the
oversampling factor is referred to as a beam having a fractional part). Independently
transmitting the fractional part of the other beams may significantly increase the
overhead and since many of the beams may have very small contribution to the
precoding vector, it may not be advisable to transmit the fractional part of those
upsampled beams signals.

The fractional part identifies the peak position of sum of absolute values of all
the beams which is likely at the 0™ location (peak of the main beam). Hence it may
not provide performance gain. Recently, it has also been shown that there may be
little to no advantage of including a common oversampling factor and the same
performance may be achieved by providing proper phase compensation.

To cater to these two situations, i.e., there may be little to no advantage of
having a single common fractional part for all beams versus having a different
upsampling factor for all the remaining beams. Correspondingly, we propose

a) to have an O3 = 1 for the beams corresponding to the polarization of the main
beams since the beam with most energy in that polarization has a fractional

part of 0.
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b) Set O3 to a value greater than 1 (e.g., O3=4) for the beams of the other
polarization (different polarization than the polarization of the main beam),
and transmit the fractional part (fp) of the upsampling factor.

Equation (1) given in the section above caters to the case where all the
upsampled beam signals can possibly have a fractional part. Hence, if we use that
method even for the proposed approach where we have only one set of beams with
oversampling and the other set of beams does not have oversampling, then we may be
increasing the complexity. Instead, we could adopt the following approach:

If the main beam or the beam of the strongest polarization is polO then the
precoding vector is obtained as

B 01[Wzpoo 0 | V(Ng, 1,0)

W = -
0 B | 0 WZ,poll_ V(Nsbr 03' q3)

or if pol1 is the strongest polarizataion

B 0 _WZ,polO 0 | [V(Nsp, 03, g3)

W = -
0 B | 0 WZ,pOll_ V(Nsbr 110)

where V(N, O, q) is the N X N matrix obtaining by taking columns q,q + O, -+, q +
(N — 1)0 of an oversampled DFT matrix with oversampling factor O.

The oversampling may help more for high energy signals. Now one of the
high energy signals, which has already been captured as the main beam has been
purposefully made to have an oversampling factor of zero. The other high-energy
beam typically is the corresponding beam in the other polarization.

Limiting beams of other polarization may make the wide band (WB) gain of
the other polarization higher. This chould also help in improving performance.

FIG. 2 is a table 200 showing an exemplary gain from using O3 = 4 over
another polarization. The table shows that using O3 = 4 can result in a consistent user
packet throughput (UPT) improvement.

Besides using O3 = 4 and a common fractional part for the other polarization,
we can use O3 = 4 and a common fractional part over the remaining beams (other
than the main beam) or a subset of beams. The subset of beams can be selected from

the beams with larger tap values. The subset can be a set of beams of the other
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polarization with larger taps values. Basically choosing a subset based on the
ordering of the quantized tap values of the beams.

FIG. 3 illustrates a flow diagram 300 in a user equipment for generating a
channel state information report having a predefined oversampling factor associated
with a subset of the set of beams. The method includes receiving 302 a set of
reference signals transmitted from a base station, and identifying 304 a set of beams
based on the set of reference signals. The set of reference signals is transformed 306
to obtain a set of vectors of amplitude and phase coefficients of a compressed
codebook, each amplitude coefficient vector and phase coefficient vector
corresponding to an identified beam in the set of beams. The amplitude coefficient
vector for each identified beam in the set of beams is adjusted 308 by a selected value,
wherein the selected value is determined such that the amplitude coefficient vector
corresponding to a particular beam is normalized to a known predetermined value. A
predefined oversampling factor is set 310 to a subset of the set of beams to a value
greater than one, wherein the particular beam is excluded from the subset of beams.
A fractional part of the predefined oversampling factor of the subset of beams is
generated 312, wherein the fractional part is based on the value of the predefined
oversampling factor of the subset of beams. An indication of the fractional part of the
predefined oversampling factor is reported 314 as a part of the channel state
information report.

In some instances, generating the fractional part of the subset of beams can be
based on the set of vectors of amplitude and phase coefficients of the compressed
codebook corresponding to the subset of beams.

In some instances, the subset of beams can contain all the beams other than the
particular beam. In some instances, the subset of beams can contains a single beam.

In some instances, the beams can be further partitioned into at least two
disjoint groups and wherein the beams belonging to the subset of beams do not belong
to a group containing the particular beam. In some of these instances, a set of
polarizations can be in the groups.

In some instances, the subset of beams can be based on the set of vectors of

amplitude of the compressed codebook corresponding to the set of beams. In some of
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these instances, the set of vectors of amplitude can be further modified based on the
fractional part.

In some instances, the compressed codebook can be a Discrete Fourier
Transform compressed codebook.

In some instances, the phase coefficient vector for each identified beam in the
set of beams can be adjusted by a selected value, wherein the selected value is
determined such that the phase coefficient vector corresponding to the particular beam
has no phase offset.

FIG. 4 illustrates a flow diagram 400 in a network for generating a channel
state information report having a predefined oversampling factor associated with a
subset of the set of beams. The method includes transmitting 402 a set of reference
signals transmitted from a base station, and receiving 404 an indication of a fractional
part of a predefined oversampling factor as a part of the channel state information
report. A set of beams are identified 406 based on the set of reference signals. The
set of reference signals are transformed 408 to obtain a set of vectors of amplitude and
phase coefficients of a compressed codebook, each amplitude coefficient vector and
phase coefficient vector corresponding to an identified beam in the set of beams. The
amplitude coefficient vector for each identified beam in the set of beams is adjusted
410 by a selected value, where the selected value is determined such that the
amplitude coefficient vector corresponding to a particular beam is normalized to a
known predetermined value. The predefined oversampling factor is set 412 to a
subset of the set of beams to a value greater than one, where the particular beam was
excluded from the subset of beams. The fractional part of the predefined
oversampling factor of the subset of beams is generated 414 with the fractional part
being based on the value of the predefined oversampling factor of the subset of
beams.

It should be understood that, notwithstanding the particular steps as shown in
the figures, a variety of additional or different steps can be performed depending upon
the embodiment, and one or more of the particular steps can be rearranged, repeated
or eliminated entirely depending upon the embodiment. Also, some of the steps

performed can be repeated on an ongoing or continuous basis simultaneously while
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other steps are performed. Furthermore, different steps can be performed by different
elements or in a single element of the disclosed embodiments.

FIG. 5 is an example block diagram of an apparatus 500, such as the wireless
communication device 110, according to a possible embodiment. The apparatus 500
can include a housing 510, a controller 520 within the housing 510, audio input and
output circuitry 530 coupled to the controller 520, a display 540 coupled to the
controller 520, a transceiver 550 coupled to the controller 520, an antenna 555
coupled to the transceiver 550, a user interface 560 coupled to the controller 520, a
memory 570 coupled to the controller 520, and a network interface 580 coupled to the
controller 520. The apparatus 500 can perform the methods described in all the
embodiments

The display 540 can be a viewfinder, a liquid crystal display (LCD), a light
emitting diode (LED) display, a plasma display, a projection display, a touch screen,
or any other device that displays information. The transceiver 550 can include a
transmitter and/or a receiver. The audio input and output circuitry 530 can include a
microphone, a speaker, a transducer, or any other audio input and output circuitry.
The user interface 560 can include a keypad, a keyboard, buttons, a touch pad, a
joystick, a touch screen display, another additional display, or any other device useful
for providing an interface between a user and an electronic device. The network
interface 580 can be a Universal Serial Bus (USB) port, an Ethernet port, an infrared
transmitter/receiver, an IEEE 1394 port, a WLAN transceiver, or any other interface
that can connect an apparatus to a network, device, or computer and that can transmit
and receive data communication signals. The memory 570 can include a random
access memory, a read only memory, an optical memory, a solid state memory, a flash
memory, a removable memory, a hard drive, a cache, or any other memory that can be
coupled to an apparatus.

The apparatus 500 or the controller 520 may implement any operating system,
such as Microsoft Windows®, UNIX®, or LINUX®, Android™, or any other
operating system. Apparatus operation software may be written in any programming
language, such as C, C++, Java or Visual Basic, for example. Apparatus software

may also run on an application framework, such as, for example, a Java® framework,
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a NET® framework, or any other application framework. The software and/or the
operating system may be stored in the memory 570 or elsewhere on the apparatus
500. The apparatus 500 or the controller 520 may also use hardware to implement
disclosed operations. For example, the controller 520 may be any programmable
processor. Disclosed embodiments may also be implemented on a general-purpose or
a special purpose computer, a programmed microprocessor Or micCroprocessor,
peripheral integrated circuit elements, an application-specific integrated circuit or
other integrated circuits, hardware/electronic logic circuits, such as a discrete element
circuit, a programmable logic device, such as a programmable logic array, field
programmable gate-array, or the like. In general, the controller 520 may be any
controller or processor device or devices capable of operating an apparatus and
implementing the disclosed embodiments. Some or all of the additional elements of
the apparatus 500 can also perform some or all of the operations of the disclosed
embodiments.

The method of this disclosure can be implemented on a programmed
processor.  However, the controllers, flowcharts, and modules may also be
implemented on a general purpose or special purpose computer, a programmed
microprocessor or microcontroller and peripheral integrated circuit elements, an
integrated circuit, a hardware electronic or logic circuit such as a discrete element
circuit, a programmable logic device, or the like. In general, any device on which
resides a finite state machine capable of implementing the flowcharts shown in the
figures may be used to implement the processor functions of this disclosure.

While this disclosure has been described with specific embodiments thereof, it
is evident that many alternatives, modifications, and variations will be apparent to
those skilled in the art. For example, various components of the embodiments may be
interchanged, added, or substituted in the other embodiments. Also, all of the
elements of each figure are not necessary for operation of the disclosed embodiments.
For example, one of ordinary skill in the art of the disclosed embodiments would be
enabled to make and use the teachings of the disclosure by simply employing the

elements of the independent claims. Accordingly, embodiments of the disclosure as
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set forth herein are intended to be illustrative, not limiting. Various changes may be
made without departing from the spirit and scope of the disclosure.

In this document, relational terms such as "first," "second," and the like may
be used solely to distinguish one entity or action from another entity or action without
necessarily requiring or implying any actual such relationship or order between such
entities or actions. The phrase "at least one of,"” "at least one selected from the group
of," or "at least one selected from" followed by a list is defined to mean one, some, or
all, but not necessarily all of, the elements in the list. The terms "comprises,"

"comprising," "including," or any other variation thereof, are intended to cover a non-
exclusive inclusion, such that a process, method, article, or apparatus that comprises a
list of elements does not include only those elements but may include other elements
not expressly listed or inherent to such process, method, article, or apparatus. An
element proceeded by "a," "an," or the like does not, without more constraints,
preclude the existence of additional identical elements in the process, method, article,
or apparatus that comprises the element. Also, the term "another" is defined as at
least a second or more. The terms "including," "having," and the like, as used herein,
are defined as "comprising." Furthermore, the background section is written as the
inventor's own understanding of the context of some embodiments at the time of filing

and includes the inventor's own recognition of any problems with existing

technologies and/or problems experienced in the inventor's own work.
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WHAT IS CLAIMED IS:
1. A method in a user equipment for generating a channel state information
report, the method comprising:

receiving a set of reference signals transmitted from a base station;

identifying a set of beams based on the set of reference signals;

transforming the set of reference signals to obtain a set of vectors of amplitude
and phase coefficients of a compressed codebook, each amplitude coefficient vector
and phase coefficient vector corresponding to an identified beam in the set of beams;

wherein the amplitude coefficient vector for each identified beam in the set of
beams is adjusted by a selected value, wherein the selected value is determined such
that the amplitude coefficient vector corresponding to a particular beam is normalized
to a known predetermined value;

setting a predefined oversampling factor to a subset of the set of beams to a
value greater than one, wherein the particular beam is excluded from the subset of
beams;

generating a fractional part of the predefined oversampling factor of the subset
of beams wherein the fractional part is based on the value of the predefined
oversampling factor of the subset of beams; and

reporting an indication of the fractional part of the predefined oversampling

factor as a part of the channel state information report.
2. The method of claim 1 wherein generating the fractional part of the subset of
beams is based on the set of vectors of amplitude and phase coefficients of the

compressed codebook corresponding to the subset of beams.

3. The method of claim 1 wherein the subset of beams contains all the beams

other than the particular beam.

4. The method of claim 1 wherein the subset of beams contains a single beam.
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5. The method of claim 1 wherein the beams are further partitioned into at least
two disjoint groups and wherein the beams belonging to the subset of beams do not

belong to a group containing the particular beam.

6. The method of claim 5 where in the groups are a set of polarizations.

7. The method of claim 1 wherein the subset of beams is based on the set of

vectors of amplitude of the compressed codebook corresponding to the set of beams.

8. The method of clam 7, wherein the set of vectors of amplitude is further

modified based on the fractional part.

9. The method of claim 1, wherein the compressed codebook is a Discrete

Fourier Transform compressed codebook.

10. The method of claim 1, wherein the phase coefficient vector for each
identified beam in the set of beams is adjusted by a selected value, wherein the
selected value is determined such that the phase coefficient vector corresponding to

the particular beam has no phase offset.

11. A user equipment for generating a channel state information report, the user
equipment comprising:

a transceiver that receives a set of reference signals transmitted from a base
station; and

a controller that identifies a set of beams based on the set of reference signals;

wherein the controller transforms the set of reference signals to obtain a set of
vectors of amplitude and phase coefficients of a compressed codebook, each
amplitude coefficient vector and phase coefficient vector corresponding to an
identified beam in the set of beams;

wherein the amplitude coefficient vector for each identified beam in the set of

beams is adjusted by the controller by a selected value, wherein the selected value is
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determined such that the amplitude coefficient vector corresponding to a particular
beam is normalized to a known predetermined value;

wherein the controller sets a predefined oversampling factor to a subset of the
set of beams to a value greater than one, wherein the particular beam is excluded from
the subset of beams;

wherein the controller generates a fractional part of the predefined
oversampling factor of the subset of beams wherein the fractional part is based on the
value of the predefined oversampling factor of the subset of beams; and

wherein the transceiver reports an indication of the fractional part of the

predefined oversampling factor as a part of the channel state information report.

12. The user equipment of claim 11 wherein generating the fractional part of the
subset of beams is based on the set of vectors of amplitude and phase coefficients of

the compressed codebook corresponding to the subset of beams.

13.  The user equipment of claim 11 wherein the subset of beams contains all the

beams other than the particular beam.

14.  The user equipment of claim 11 wherein the subset of beams contains a single
beam.
15.  The user equipment of claim 11 wherein the beams are further partitioned into

at least two disjoint groups and wherein the beams belonging to the subset of beams

do not belong to a group containing the particular beam.

16. The user equipment of claim 15 where in the groups are a set of polarizations.

17.  The user equipment of claim 11 wherein the subset of beams is based on the

set of vectors of amplitude of the compressed codebook corresponding to the set of

beams.
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18.  The user equipment of clam 17, wherein the set of vectors of amplitude is

further modified based on the fractional part.

19.  The user equipment of claim 11, wherein the compressed codebook is a

Discrete Fourier Transform compressed codebook.

20.  The user equipment of claim 11, wherein the phase coefficient vector for each
identified beam in the set of beams is adjusted by a selected value, wherein the
selected value is determined such that the phase coefficient vector corresponding to

the particular beam has no phase offset.
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